ABSTRACT: A total of 1,112 pigs (initial BW of 49.8 kg) were used in a 78-d study to evaluate the effects of 0, 5, 10, 15, or 20% dried distillers grains with solubles (DDGS) and sex on carcass fat quality of finishing pigs. All diets contained 6% choice white grease and were fed in 4 finishing phases (50 to 59, 59 to 82, 82 to 105, and 105 to 123 kg, respectively). The experiment was conducted in a commercial research finishing barn in southwestern Minnesota. There were 9 replicates of each dietary treatment, with 25 to 28 pigs per pen, and barrows and gilts were distributed equally in each pen. On d 57, the 3 heaviest barrows from each pen were visually selected, removed, and marketed, and a total of 6 pigs per treatment were selected randomly for fatty acid analysis. On d 78, the remaining pigs from each pen were individually tattooed and shipped to a pork processing plant. Jowl fat, backfat, and belly fat samples were collected from 1 barrow and 1 gilt chosen randomly from each pen and analyzed for fatty acid composition. Iodine value (IV) was calculated for diets and fat samples. Fat quality data were analyzed as a split plot with DDGS treatment as the whole plot and sex as the subplot. Concentrations of C18:2n-6, PUFA, and IV increased (linear, P = 0.02) with increasing DDGS in backfat, jowl fat, and belly fat in pigs marketed on d 57 and 78. In contrast, C18:1 cis-9 and MUFA concentrations decreased linearly (P = 0.05) in all 3 fat depots with increasing DDGS. For every 10% DDGS included in the diet, IV of backfat, jowl fat, and belly fat increased by 2.3, 1.6, and 2.2 g/100 g, respectively. In pigs slaughtered on d 78, there were no (P ≥ 0.10) sex × dietary DDGS interactions observed. Compared with barrows, gilts had greater (P < 0.05) C18:2n-6, PUFA, and PUFA:SFA ratio and lesser (P < 0.03) C14:0 concentrations in backfat and belly fat but not jowl fat. Gilts had greater (P = 0.03) belly fat IV than barrows, but there were no (P > 0.25) differences between gilts and barrows in backfat and jowl fat IV. In summary, feeding increasing amounts of DDGS linearly increased the IV of backfat, jowl fat, and belly fat in pigs. Although jowl fat was less responsive to increased DDGS than backfat and belly fat, pigs fed diets with 20% DDGS and 6% choice white grease exceeded the maximum jowl IV of 73 g/100 g set by some packing plants.
INTRODUCTION
Inclusion of dried distillers grains with solubles (DDGS) in swine diets has increased rapidly in recent years because of increased availability and price competitiveness. Optimal inclusion of DDGS in swine diets has been determined on the basis of growth performance and economics (Fu et al., 2004; Hastad, 2005; Whitney et al., 2006) ; however, the increased amount of unsaturated fat in DDGS has led to decreased carcass fat quality (Whitney et al., 2006; Widmer et al., 2008) . Carcass fat quality factors, such as color and fatty acid profile, affect processing characteristics and the ability of pork products to meet export specifications (Carr et al., 2005) . Bacon from pork bellies with soft fat has numerous problems, including slices sticking together, oily appearance, separation of fat from lean during slicing, and increased rate of oxidative rancidity (NPPC, 2000) .
Iodine value (IV) is an estimate of the proportion of unsaturated fatty acids (UFA) present and, therefore, an indicator of carcass fat firmness (Eggert et al., Effects of dried distillers grains with solubles on carcass fat quality of finishing pigs 1 2001). Acceptable IV ranges from 70 (Barton-Gade, 1987; Madsen et al., 1992) to 75 g/100 g of fat (Boyd et al., 1997) , and some US packing plants have set their maximum IV at 73 g/100 g. Only a few studies have evaluated the optimal amount of dietary DDGS on the basis of fat IV (Whitney et al., 2006; Xu et al., 2010) , and none of these studies evaluated pigs in commercial production. Moreover, most studies evaluate belly fat IV to assess fat quality of pork bellies for bacon production (Whitney et al., 2006; Correa et al., 2008) . Commercial packing plants may use other fat depots, such as jowl fat and backfat, to predict belly fat IV and, ultimately, carcass fat softness. Degree of fat unsaturation may be related to fat deposition (Wood and Enser, 1982) ; thus, sex differences in IV may exist in response to increasing DDGS. Therefore, the objective of this study was to determine the effects of increasing dietary DDGS and sex on fat quality of jowl fat, belly fat, and backfat of finishing pigs.
MATERIALS AND METHODS
The experimental protocol used in this study was approved by the Kansas State University Institutional Animal Care and Use Committee.
General
The experiment was conducted in 1 of 4 barns at a commercial facility in southwestern Minnesota. The particular barn measured 12.5 × 76.2 m with fortyeight 3.05-× 5.49-m pens. All pens contained a single 4-hole, dry self-feed and a cup waterer to allow for ad libitum access to feed and water.
The DDGS used in the study was obtained from a single ethanol manufacturing facility (Agri-Energy LLC, Luverne, MN), and samples of DDGS were collected and analyzed in duplicate for DM, ash, ether extract, CP, AA, and crude fiber (AOAC, 1995;  Table  1 ) as well as fatty acid composition (Table 2) . Dietary treatments were formulated by using NRC (1998) ingredient values, except for the value of 3,420 kcal of ME/kg (as-fed) for DDGS, which is similar to that for corn (NRC, 1998) . Pedersen et al. (2007) reported that energy content of corn and DDGS is similar; thus, a ME value of 3,420 kcal/kg was used for both corn and DDGS in the diet formulation. For AA digestibility, NRC (1998) values were used for all ingredients except DDGS, where the AA digestibility values from Stein et al. (2006) were used. Quantity of all nutrients in the diet was formulated at or above NRC (1998) requirements.
Animals and Diets
A total of 1,112 pigs (PIC 1050 × PIC 337; PIC USA, Hendersonville, TN), with an average initial BW of 49.8 kg, were used in a 78-d study to evaluate effects of increasing percentage of DDGS (0, 5, 10, 15, or 20%) in the diet on carcass fat quality. Pigs were blocked by initial BW and randomly allotted to 1 of 5 treatments. There were 9 replicated pens/treatment, and each pen contained 25 to 28 pigs. Dried distillers grains and fat quality Dietary treatments were fed in meal form and contained 0, 5, 10, 15, or 20% DDGS with 6% added (choice white grease). Diets were fed in 4 phases: phase 1 from 49.8 to 59 kg, phase 2 from 59 to 82 kg, phase 3 from 82 to 105 kg, and phase 4 from 105 to 123 kg (Tables  3, 4 , 5, and 6, respectively). Diets were formulated to contain 0.98, 0.83, 0.73, and 0.66% true ileal digestible lysine and a minimum available P of 0.28, 0.25, 0.23, and 0.22% for phases 1, 2, 3, and 4, respectively. The diet containing 20% DDGS in phase 4 exceeded the minimum available P requirement; thus, it did not include supplemental P. Pigs and feeders were weighed on d 0, 15, 29, 43, 57, and 78 to determine ADG, ADFI, and G:F. Results of the growth study and other carcass characteristics were previously published in Linneen et al. (2008) .
Fatty Acid Analysis
On d 57, the 3 heaviest barrows from all pens were visually selected, removed, and marketed. From the pigs marketed on d 57, 6 pigs/dietary treatment were selected randomly for fatty acid analysis. On d 78, the remaining pigs from each pen were individually tattooed and shipped to a pork processing plant (JBS, Worthington, MN). Jowl fat, backfat, and belly fat samples were collected from 1 barrow and 1 gilt chosen randomly from each pen. After exiting the kill floor, carcasses were sent through deep chill chambers (approximately −35°C) for approximately 90 min. After deep chill, carcasses were segregated on an outside rail in a holding cooler. Approximately 2 h after exiting deep chill, the right side jowl was removed with a perpendicular cut flush with the carcass shoulder. A small (approximately 100 g) sample of backfat was removed from the 10th rib area off the carcass midline. An attempt was made to remove all layers of backfat. Carcasses were chilled overnight, and approximately 18 h after exsanguination, fresh bellies were removed and collected from the right side of carcasses. An approximately 5-cm-wide and 70-cm-long belly strip was removed from the scribe side of each belly. The jowl, backfat, and belly strip samples were vacuum-packaged, stored at approximately 4°C, and then transported to Kansas State University under chilled conditions. Samples were frozen at −18°C until sample preparation and fatty acid analysis. Samples were thawed and dissected to separate adipose tissue from skin and lean tissue. Adipose tissue was subsampled and ground. Grinding was performed by cutting fat samples into about 1 cm 3 pieces, freezing the pieces in a bath of liquid N 2 , and grinding them into very fine particles in a stainless-steel grinding tub powered by a Waring commercial blender (Dynamics Corporation of America, New Hartford, CT). Ground fat (50 μg) was then weighed into screw-cap tubes with Teflon-lined caps and combined with 2 mL of methanolic-HCl and 3 mL of internal standard (2 mg/mL of methyl heptadecanoic acid [C17:0] in benzene) before being heated in a water bath for 120 min at 70°C for transmethylation. Upon cooling, addition of 2 mL of benzene and 3 mL of K 2 CO 3 allowed the methyl esters to be extracted and transferred to a vial for subsequent quantification of methylated fatty acids by gas chromatography for fatty acid analysis. Injection port and detector temperatures were 250°C with a flow rate of 1 mL/min of helium and a split ratio of 100:1. Oven temperature began at 140°C and increased at 2°C/min to 200°C then at 4°C/min to 245°C and held for 17 min.
Iodine value was calculated using the following equation (AOCS, 1998): IV = C16:1(0.95) + C18:1(0.86) + C18:2(1.732) + C18:3(2.616) + C20:1(0.785) + C22:1(0.723).
Statistical Analysis
Data were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC). Linear and polynomial contrasts were used to determine the effects of increasing DDGS. Pen was the experimental unit, except for data from pigs marketed on d 57, whereas the treatment × pen identification was not maintained for pigs marketed early. Fat analysis data for pigs marketed on d 57 were evaluated separately and as a completely randomized design, whereas fat analysis data from the closeout pigs were analyzed as a split-plot design, with 6 Dietary IV product (IVP) = analyzed IV of diet oil × analyzed % diet oil × 0.10.
dietary DDGS (0, 5, 10, 15, or 20%) as the whole plot and sex as the subplot. The pigs marketed on d 57 were not included in the overall analysis comparing barrows vs. gilts. Least squares means were calculated for each independent variable and evaluated with the PDIFF option of SAS. Statistical significance and tendencies were set at P ≤ 0.05 and P < 0.10, respectively, for all statistical tests.
RESULTS

Analytical Analysis
In general, analyzed AA values for the DDGS used in the study were similar to those used in diet formulation (Table 1 ). The main differences were that analyzed CP was less, and actual lysine was greater, in the DDGS than the assumed values. Although the analyzed lysine content in DDGS was greater than the assumed values used to formulate diets, this did not affect growth performance in this experiment (Linneen et al., 2008) .
The analyzed fat content of the DDGS (9.9%; Table  1 ) was greater than the assumed value (8.4%) used in diet formulation. As expected, the DDGS had greater concentrations of C18:2n-6, C18:1 cis-9, and C16:0 than other fatty acids. Analyzed IV of the DDGS was equal to the assumed value (Table 2) , whereas the analyzed IV of the choice white grease used in the experimental diets from phases 1 to 4 ranged from 80.9 to 90.6 g/100 g (Tables 3 through 6 ). The dietary IV product (IVP) was calculated for all diets in each phase by using these analyzed values and the formula of Madsen et al. (1992) . Dietary IVP increased from 78.5 to 99.8, 78.3 to 97.4, 74.7 to 97.8, and 86 .0 to 95 with increasing DDGS in diets fed in phases 1, 2, 3, and 4, respectively.
Effects of Increasing Percentage of DDGS in the Diet
Increasing the percentage of DDGS in the diet caused the concentrations of C16:0, C18:1 cis-9, and C18:1n-7 to decrease (linear, P ≤ 0.05), whereas concentrations of C18:2n-6 and C20:2 increased (linear, P ≤ 0.02), in backfat (Table 7) , jowl fat (Table 8) , and belly fat (Table 9 ) in barrows marketed on d 57. Barrows marketed on d 57 also had decreased (linear, P < 0.05) C16:1 concentrations and increased (linear, P < 0.02) C18:3n-3 concentrations in backfat and belly fat but not (P = 0.09) jowl fat. No (P ≥ 0.06) effects were observed in the relative concentrations of C14:0, C17:0, C18:0, C20:0, C20:1, and C20:4n-6 in response to increasing dietary DDGS in any of the fat depots.
In pigs marketed on d 78, no (P ≥ 0.10) sex × treatment interactions were observed for fat quality variables; therefore, only main effects of percentage DDGS and sex were reported. Concentrations of C16:0, C18:1 cis-9, and C18:1n-7 decreased (linear, P = 0.05) and C18:2n-6 concentrations increased (linear, P = 0.02) in backfat (Table 10) , jowl fat (Table 11) , and belly fat (Table 12 ) with increasing DDGS. Concentrations of C14:0 and C16:1 decreased (linear, P < 0.01) with increasing DDGS in backfat and belly fat but not (P ≥ 0.16) in jowl fat. Concentrations of C18:3n-3 increased (linear, P < 0.05) in backfat and belly fat but not (P = 0.06) in jowl fat, and concentrations of C20:2 increased (linear, P < 0.05) in jowl fat and belly fat but not (P = 0.06) backfat. In addition, concentrations of C20:4n-6 increased (P < 0.01) in belly fat but not (P ≥ 0.08) in backfat and jowl fat, even though no (P ≥ 0.06) effects were observed in relative concentrations of C17:0, C18:0, C20:0, and C20:1 with increasing DDGS in any of the fat depots analyzed.
Total SFA concentration decreased (linear, P < 0.05) with increasing DDGS in belly fat, but no (P > 0.14) differences were observed in backfat and jowl fat of pigs marketed on d 57 and 78. Total concentrations of MUFA decreased (linear, P < 0.05) and PUFA increased (linear, P < 0.01) in all 3 fat depots with increasing DDGS, which led to increased (linear, P < 0.01) in PUFA:SFA ratios in all 3 fat depots. As dietary DDGS increased, UFA:SFA ratios increased (linear, P < 0.05) only in belly fat of pigs marketed on d 57 and 78 and jowl fat of pigs marketed on d 78. There were no (P > 0.22) differences in total concentration of trans fatty acids in all 3 fat depots with increasing DDGS; however, IV increased (P < 0.01) in all 3 fat depots with increasing DDGS in pigs marketed on d 57 and 78.
Effects of Sex on Carcass Fat Quality
Gilts had greater (P ≤ 0.05) concentrations of C18:2n-6, PUFA, and PUFA:SFA ratios, and reduced (P < 0.05) concentrations of C14:0 and C18:1n-7, in backfat than barrows (Table 13 ). Furthermore, gilts had greater (P < 0.03) concentrations of C18:1n-7, C18:1 cis-9, MUFA, and UFA:SFA ratio and reduced (P < 0.02) concentrations of C16:0, C17:0, C18:0, C20:0, and total SFA in jowl fat (Table 14) than barrows, whereas concentrations of C18:2n-6, C18:3n-3, C20:2, C20:4n-6, total PUFA, UFA:SFA ratios, and PUFA:SFA ratios in belly fat were greater (P ≤ 0.04) in gilts than barrows (Table 15 ). In contrast, gilts had reduced (P ≤ 0.04) concentrations of C14:0, C16:0, and SFA in belly fat than barrows. There were no (P ≥ 0.09) differences in C16:1, C20:1, and total trans fatty acids between gilts and barrows in all fat depots. Although gilts had greater (P < 0.03) belly fat IV than barrows, IV of backfat and jowl fat did not (P < 0.52) differ between the sexes.
DISCUSSION
Fat content and fatty acid profile of the carcass have a large impact on various technological aspects of meat quality, such as fat tissue firmness, shelf life (lipid and pigment oxidation), and flavor (Wood et al., 2003) . In pigs, numerous studies have demonstrated that fatty acid composition of the fat depots closely mimics fatty acid composition of the diet (Wiseman and Agunbiade, 1998; Averette Gatlin et al., 2002; Bee et al., 2002) for several reasons. First, dietary fatty acids pass through the digestive system unchanged (Nürnberg et al., 1998) ; in fact, dietary UFA are minimally hydrogenated before deposition into fat depots in pigs (Azain, 2001) . Second, dietary fat utilization is very efficient when pigs are fed above maintenance (Freeman, 1983) , and dietary fats are transferred to carcass fat at a relatively high rate (ranging from 31 to 40%) depending on the specific fatty acid (Kloareg et al., 2007) . Finally, Farnworth and Kramer (1987) and Chilliard (1993) suggested that dietary fat inhibits de novo fatty acid synthesis in favor of direct deposition of dietary fatty acids in adipose tissue. These observations suggest the possibility of manipulating carcass fat composition by careful selection of dietary fat sources and feed ingredients on the basis of quality variables. 
Dried distillers grains and fat quality
Soft carcass fat is a major issue in the meat processing industry. Several processing and quality issues are typically associated with soft carcass fat, such as difficulty in fabrication and slicing of bellies for bacon, an oily appearance in retail packaging, reduced product shelf-life, and increased susceptibility to oxidative damage (Wood and Enser, 1997; NPPC, 2000; Xu et al., 2010) . Therefore, standards for pork carcasses based on different measures, such as fat IV, PUFA:SFA ratio, and belly firmness, have been established to determine acceptable fat quality.
In the present study, increasing DDGS in the diet from 0 to 20% linearly increased C18:2n-6, C20:2, PUFA, and PUFA:SFA ratio and decreased C16:0, C18:1 cis-9, C18:1n-7, and MUFA in backfat, jowl fat, and belly fat of finishing pigs. Concentrations of C18:3n-3 also increased with increasing DDGS in backfat and belly fat but not jowl fat. Total SFA concentration decreased linearly with increasing DDGS only in belly fat. Xu et al. (2010) determined the effects of increasing DDGS from 0 to 30% and reported similar effects. In their study, increased dietary DDGS linearly increased C18:2, C18:3, C20:2, C20:3, and PUFA concentrations in backfat and belly fat of finishing pigs; however, the C18:2 concentration increased without affecting PUFA concentration in LM intramuscular fat. Conversely, increasing dietary DDGS linearly reduced C14:0, C16:0, C18:0, C16:1, C18:1, C20:1, SFA, and MUFA in backfat and belly fat. In LM intramuscular fat, SFA and MUFA concentrations were linearly reduced with increasing dietary DDGS (Xu et al., 2010) . Xu et al. (2010) and the current study demonstrated that increasing dietary DDGS decreases carcass fat quality. The DDGS used in the current study had approximately 10% crude fat, which was composed primarily of C18:2n-6 (53%) and only 18% SFA. The quantity of fatty acid unsaturation in the diets resulting from increasing percentage of DDGS was reflected in all 3 fat depots by linear increases in C18:2n-6, PUFA, and PUFA:SFA ratio. On average, there was a 1.68 and 1.78 percentage unit increase in C18:2n-6 and PUFA, respectively, for every 10% increase in DDGS in the diet, regardless of the fat depot. Moreover, fatty acid profiles of each fat depot were similar between pigs marketed at d 57 and 78, which suggests that the effect of dietary unsaturated fats on carcass fatty acid composition occur in a short feeding duration. Soft carcass fat is indicative of increased dietary C18:2 and PUFA concentrations, but this effect mainly results from a proportional decrease in SFA and changes in the distri- bution of fatty acids in fat tissues (Enser et al., 1984) . Oleic acid (C18:1 cis-9) is the major component of pig adipose tissue, which constitutes more than 40% of total fat content (Hugo and Roodt, 2007) . Whittington et al. (1986) demonstrated that C18:2 and C18:1 cis-9 concentrations were inversely correlated in pork fat, which was also observed in the current study. Numerous researchers have suggested that C18:2 should be less than 15% to be considered good quality fat (Wood, 1983; Whittington et al., 1986; Lizardo et al., 2002) . In the present study, feeding less than 10% DDGS met this quality standard; yet, feeding greater than 10% DDGS resulted in C18:2n-6 concentrations greater than the 15% limit.
Iodine value is a measure of double bonds and standardizes the characteristics of lipids into a composite number (Madsen et al., 1992; Azain, 2001; . Thus, carcass fat IV provides an overall estimate of fatty acid unsaturation, which can serve as an indicator of the percentage of UFA, softness of fat, rancidity, or a combination of these (Hugo and Roodt, 2007) . The average IV of pigs fed diets with 0% DDGS was 69.7 g/100 g for all 3 fat depots, which is 10.1 percentage units greater than the average IV of pigs in Xu et al. (2010) . This difference in IV is due to less C18:2 and PUFA concentrations of pigs in Xu et al. (2010) compared with pigs in the present study, and pigs in the Xu et al. (2010) study were slaughtered at heavier BW (129 vs. 118 kg of BW) and greater backfat depths (2.92 vs. 1.86 cm) than pigs in the current study (Linneen et al., 2008) . Gandemer (2002) showed that thicker backfat has more SFA and MUFA and less PUFA. Because backfat depth is a major index of fatness, its lipogenic activity can also give an estimation of overall fat synthesis in the body (De Wilde, 1983) .
In all 3 fat depots, IV increased linearly with increasing DDGS in the diet. Many studies have demonstrated an increase in belly fat IV in pigs fed DDGS Hill et al., 2008; Stender and Honeyman, 2008) . Our results indicated that backfat, jowl fat, and belly fat IV increased by 2.3, 1.6, and 2.2 g/100 g, respectively, for every 10% DDGS included in the diet. Whitney et al. (2006) fed diets containing 0 to 30% DDGS and observed a similar increase of about 1.7 g/100 g in belly fat IV for every 10% addition of DDGS. Moreover, Xu et al. (2010) noted that the rate of increase was greater than that in the current study, especially in backfat (4.7 g/100 g) and belly fat (3.6 g/100 g) when pigs were fed diets containing 0 to 30% DDGS. This difference is because no dietary fat source was added in the 0% DDGS diet of Xu et al. (2010) , whereas soybean oil and choice white grease were included in diets in Whitney et al. (2006) and the current study, respectively. In contrast, Widmer et al. (2008) reported no effects of percentage of dietary DDGS on belly fat IV; however, they added 1% soybean oil for each 10% reduction in DDGS in the diets, which may have negated the effects of unsaturated fats in DDGS on carcass fatty acid composition.
Currently, some pork processors have set standards for acceptable carcass fat IV because of concerns about soft pork fat. Acceptable IV range from 70 (BartonGade, 1987; Madsen et al., 1992; NPPC, 2000) to 75 g/100 g of fat (Boyd et al., 1997) , and some US packing plants have set their maximum IV at 73 g/100 g. Boyd et al. (1997) suggested the IV threshold of pork fat be set at 75 for US conditions because pigs fed corn-soybean meal diets with no added fat would exceed a body fat IV of 70. In the present study, IV for all 3 fat depots ranged from 68.3 to 74.5 g/100 g. Thus, pigs fed diets containing up to 20% DDGS and 6% choice white grease would meet the IV threshold suggested by Boyd et al. (1997) but exceed the threshold recommended by Barton-Gade (1987) and NPPC (2000). Madsen et al. (1992) and Boyd et al. (1997) developed equations to predict backfat IV from dietary IVP. Iodine value product is calculated as (IV of the dietary lipids) × (percentage dietary lipid) × 0.10. Madsen et al. (1992) estimated backfat IV as 47.1 + 0.14 × IVP/ day, whereas Boyd et al. (1997) estimated backfat IV as 0.315 (diet IVP) + 52.4. Using these equations and IVP values from diets in the present study, backfat IV was predicted to be between 58 to 61 g/100 g using the equation of Madsen et al. (1992) and 77 to 83 g/100 g using the equation of Boyd et al. (1997) ; however, actual backfat IV ranged from 68 to 73 g/100 g, which is about 19% greater than the predicted IV of Madsen et al. (1992) but 12% less than those predicted by Boyd et al. (1997) . In a previous study, Benz et al. (2007a) fed diets with varying amounts of unsaturated fats formulated with similar IVP to pigs and observed that actual backfat IV was about 18% greater and 7% less than the predicted backfat IV using the equations of Madsen et al. (1992) and Boyd et al. (1997) , respectively. These results suggest that both equations did not accurately predict actual backfat IV when pigs were fed diets with varying amounts of unsaturated fats.
Most US commercial packing plants collect jowl fat samples to monitor carcass fat IV because it is easier to collect and does not affect the value of other cuts, especially pork bellies. Moreover, most studies evaluate belly fat IV to assess fat quality of pork bellies for bacon production (Whitney et al., 2006; Correa et al., 2008) ; however, commercial packing plants use other fat depots, such as jowl fat and backfat, to predict belly fat IV and, ultimately, carcass fat softness. In the current study, the rate of change for jowl fat IV with increasing DDGS was smaller than that for backfat and belly fat. This may suggest that jowl fat is less responsive than other fat depots to increases in dietary unsaturated fats from DDGS. Benz et al. (2007b) presented similar results in their study, where only 15% DDGS with a small amount of choice white grease increased IV by approximately 10 g/100 g in backfat and only 6 g/100 g in jowl fat. These results suggest that jowl fat IV can determine the overall trend in changes in IV, as well as backfat or belly fat, but is not an accurate predictor of the rate of change in belly fat IV due to changes in dietary IV. Xu et al. (2010) also observed differences in the magnitude of change in IV, where belly fat and backfat IV increased by 3.6 to 4.7 times the rate of change in LM intramuscular fat. Barton-Gade (1984) suggested that observed differences in IV changes between fat depots may be due to differences in C16:0; C18:0, and C18:1 cis-9 concentrations. Differences in fatty acid composition between tissues could also be partly explained by differences in fat tissue development (Brooks, 1971; Lizardo et al., 2002) . Different tissues possess different capacities for fatty acid synthesis, and Leymaster and Mersmann (1991) observed that different fat depots may have different lipogenic activities. The difference in PUFA content between intramuscular fat and backfat, as influenced by dietary fat, was thought to be due to greater concentrations of structural lipids, such as phospholipids, in muscle than in belly fat and backfat; however, Warnants et al. (1999) demonstrated that structural lipids are not as readily affected by the diet compared with depot lipids, which may support the earlier assumption.
In the current study, gilts had greater C18:2n-6, PUFA, and PUFA:SFA ratio and reduced C14:0 concentrations compared with barrows in backfat and belly fat but not jowl fat. These findings conform to those of Correa et al. (2008) , who evaluated effects of sex on fat characteristics of pork bellies and found that belly fat from gilts also had greater concentrations of C18:2n-6, PUFA, and PUFA:SFA ratios and reduced C18:0 and total SFA concentrations than barrows. Xu et al. (2010) also observed that gilts had greater C18:3 and C20:2 in LM intramuscular fat than barrows. Furthermore, several other studies have shown that concentrations of PUFA, C18:2, C18:3, and C20:2 in LM intramuscular fat are greater in gilts than in barrows (Warnants et al., 1996; Nürnberg et al., 1998; Piedrafita et al., 2001) . In contrast, Lampe et al. (2006) and Xu et al. (2010) failed to note an effect of sex on fatty acid composition of backfat or belly fat.
Gilts had greater belly fat IV than barrows, but no differences were observed in backfat and jowl fat. Correa et al. (2008) also observed greater belly fat IV in gilts than in barrows; yet, Lo Fiego et al. (1992) and Averette Gatlin et al. (2002) reported that gilts had smaller IV than barrows in belly fat and backfat, respectively. Benz et al. (2007b) evaluated the effects of feeding duration of added fat and observed that gilts had smaller backfat and jowl fat IV than barrows. When the effects of increasing added fat in corn and sorghum-based diets was compared in a subsequent study, there were no differences in backfat or jowl fat IV between gilts and barrows (Benz et al., 2007a) . Fat composition reflects the degree of fat deposition; thus, the less the fat deposition, the more unsaturated the fat (Wood and Enser, 1982; Lo Fiego, 1996; De Smet et al., 2004) . Generally, barrows have greater backfat than gilts (Cromwell et al., 1993; Hansen and Lewis, 1993) , which indicates that barrows would have smaller fat IV than gilts. In fact, Barton-Gade (1984) observed that pigs with a backfat depth of 10 mm, or less, had an IV increase of 4 g/100 g, which supports this assumption.
In conclusion, for every 10% DDGS included in swine diets, there is an increase in backfat, jowl fat, and belly fat IV of 2.3, 1.6, and 2.2 g/100 g, respectively. Gilts had greater belly fat IV than barrows. Lastly, although jowl fat was less responsive to increased percentage of dietary DDGS than backfat and belly fat, pigs fed diets with 20% DDGS and 6% choice white grease exceeded the maximum jowl IV of 73 g/100 g set by some packing plants. AOAC. 1995 
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